Objectives-To analyse the mortality patterns of former Dutch coal miners, focusing on coal workers' pneumoconiosis (CWP) and chronic obstructive pulmonary diseases (COPD) in relation to pre-existing impairment of lung function. Methods-3790 selected miners, medically examined between 1952 and 1963, were followed up to the end of 1991 with the municipal population registries and the causes of death from the death certificates were ascertained and converted to the codes from the ninth revision of the international classification of diseases (ICD-9). Mortality comparisons were made with the male population in The Netherlands, resulting in standardised mortality ratios (SMRs). 3367 In recent studies attention has been given to the effect of exposure to coal dust on the decline of ventilatory capacity and obstructive airway disease (bronchitis, emphysema). These reports support an association between impairment in lung function, bronchitis, and exposure to dust as well as smoking. The National Institute for Occupational Safety and Health (NIOSH) longitudinal study in United States coal miners confirms that exposure to coal mine dust contributes significantly to a decline in forced expiratory volume in one second (FEV,) over time.4 Exposure to coal dust causes reductions in FEVI, forced vital capacity (FVC), and the FEVI/FVC ratio.5 6 A recent large cohort study in United States coal miners confirmed the exposure-response relation between pulmonary function variables and the estimated cumulative exposure to dust.7
It is well known that coal miners are at an increased risk of developing pulmonary disease. Many longitudinal epidemiological studies in coal miners have been carried out in past years principally in Great Britain and the United States. Several studies have concentrated on the mortality due to respiratory diseases, cancer, and accidents in relation to the grade of coal workers' pneumoconiosis (CWP). Long term and high exposure to coal mine dust leads to premature death because of CWP. Furthermore, increased standardized mortality ratios (SMRs) have been found for respiratory tuberculosis, accidents, and stomach cancer. 2 Most morbidity studies focused on the radiographic evidence of CWP in relation to exposure to dust. The long term cohort study in 26 collieries in Great Britain by the Institute of Occupational Medicine in Edinburgh produced comprehensive data on the clear doseresponse relation between exposure to coal dust and CWP. 3 In recent studies attention has been given to the effect of exposure to coal dust on the decline of ventilatory capacity and obstructive airway disease (bronchitis, emphysema). These reports support an association between impairment in lung function, bronchitis, and exposure to dust as well as smoking. The National Institute for Occupational Safety and Health (NIOSH) longitudinal study in United States coal miners confirms that exposure to coal mine dust contributes significantly to a decline in forced expiratory volume in one second (FEV,) over time. 4 Exposure to coal dust causes reductions in FEVI, forced vital capacity (FVC), and the FEVI/FVC ratio.5 6 A recent large cohort study in United States coal miners confirmed the exposure-response relation between pulmonary function variables and the estimated cumulative exposure to dust. 7 Several studies have pointed to the relation between exposure to coal mine dust and chronic obstructive pulmonary diseases (COPD) . A study over a period of 22 years in 25 000 British coal miners showed a consistent increase of mortality due to bronchitis and emphysema with increases in estimates of exposure to dust. 8 Marine and Gurr6 clearly showed an increase in the prevalence of chronic bronchitis linked with increased exposure to dust for both smokers and non-smokers. Radiographic evidence of CWP does not influ-ence the prevalence of bronchitis. Kuempel et al`found significant exposure-response relations for mortality from chronic bronchitis and emphysema after controlling for smoking. Ruckley et all' concluded, after studying the lungs of 450 deceased coal miners, that the association between the exposure to coal dust and emphysema indicates a causal relation.
However, some debate about the increased risk of premature death because of COPD in miners exposed to coal dust and its relation to previous existing impairment in lung function and pneumoconiosis still exists."
From 1902 until 1974 a coal mining industry existed in the southern part of The Netherlands, which in the late 1950s employed almost 20 000 underground miners in 11 mines. ' Due to the lack of information about the exact workplaces-for example, histories and the use of protective dust masks as well as the limited number of dust measurements which showed an overall picture of high exposure to dust in Dutch mines-the total duration of underground employment was used as a surrogate measure of exposure.
Of the cohort 91 % had worked more than 20 years underground at the moment of examination and the mean age of the miners in the survey was 51 years.
Dutch miners retired at the latest at 55. It was therefore decided to take the total years of underground employment until the medical examination as a measure of exposure. More stringent exposure differences were not introduced.
MEDICAL SURVEY
During the medical examination in the period 1952-63 a detailed questionnaire about diseases and complaints of the respiratory system (such as infections, bronchitis, asthma, emphysema, allergies, tuberculosis) was filled in for each miner by an occupational physician. Information about smoking was not systematically gathered. For 1458 miners (39%) the current smoking status (non-smoker, cigarettes, pipes, cigars) was reported. Physical examinations included height, weight, heart action, and blood pressure.
In The Netherlands the radiological classification of pneumoconiosis differed from the corresponding 1950 The 3790 selected miners were followed up to 31 December 1991 with the municipal popula- tion registries in The Netherlands. Every inhabitant of The Netherlands must be registered at the population registry of the municipality in which he or she is living. In case of death, a certificate must be filed at the municipality in which the death occurred. The death certificate is always filed by a certified physician, in many cases the medical attendant. The death certificate is sent to the Central Bureau of Statistics, at which a trained nosologist codes the causes of death according to the latest international classification of diseases (ICD).
The Dutch annual vital statistics are generated from this database. In collaboration with the Central Bureau of Statistics, the causes of death for the cohort were ascertained. Taking into consideration the changes in ICD classifications that occurred during the period of follow up, the ICD codes were converted to the 9th revision (ICD-9)" and classified into broader categories. Dutch coal miners, pneumoconiosis, chronic obstructive pulmonary disease, and lung function (SMR 108.5) . This can COPD, but no clear connection between CWP be explained by the excess mortality from and mortality from COPD. Although the risk ischaemic heart diseases (SMR 1 17.2). After of dying from pneumoconiosis was increased in 30 years of follow up the increased SMR for people without CWP at the moment of cardiac diseases had levelled off.
examination (SMR 1973 .7), mortality from There was no increased mortality for the pneumoconiosis increased distinctively with group of malignant diseases and accidents in the level of CWP. With an increasing level of this group of coal miners.
CWP, the mortality from other respiratory disIn table 3 the mortalities from respiratory eases also increased. diseases are shown in relation to the exposure Pre-existing respiratory complaints lead to to coal mine dust, the level of CWP, and smok-an increased risk of dying from non-malignant ing. No unequivocal relation between the respiratory diseases, especially from COPD mortality from non-malignant respiratory dis-(SMR with pre-existing complaints: 290.2; eases and the duration of exposure existed. SMR without: 141.0; f = 12.6, P<0.0001), Even after a period of exposure of <20 years, but not from acute infections and CWP. significant increases in mortality due to pneu-Smoking behaviour seems not to be clearly moconiosis and COPD had already occurred. linked with the risk of dying from pneumocoAs the duration of exposure, and hence the niosis (SMR smokers 3705.2, SMR noncumulative exposure to coal dust, increased, smokers: 2970.3). It is evident that smokers 
